Abstract 3-(4-Chlorophenyl)-4,6-dimethoxyindole 8 was converted into the 7-and 2-substituted glyoxylamide derivatives 11 and 12, which were in turn reduced by sodium borohydride to the corresponding benzylic alcohols 13 and 14. Indole 8 was also acylated via a Houben-Hoesch reaction, with benzyl cyanides to give the 7-substituted methylene ketones 16a-c, which were also reduced by sodium borohydride to the corresponding benzylic alcohols 17a-c. All the benzylic alcohols were subjected to a variety of acidic conditions, but failed to generate calixindoles.
Introduction
Calix [3] indoles have been synthesised from activated 3-substituted-4,6-dimethoxyindoles with the three indole rings linked by carbon bridges through the C2 and C7 positions. [1] [2] [3] [4] These compounds can be achieved in two ways. One is the reaction of the indole with an aryl aldehyde in the presence of phosphoryl chloride. The other involves the acid catalysed reaction of an indole hydroxymethyl compound, which could be derived from the related formyl indole by sodium borohydride reduction. In general the flattened partial cone conformer was found to be preferred over the cone conformer, but the cone conformer could be stabilised to some extent by the use of amido substituents on the linking methine carbon atoms. 5 Thus, the 7-and 2-indolyl hydroxyethanamides 1 and 2 respectively were converted into a mixture of the flattened partial cone calix [3] indole 3 and the cone calix [3] indole 4 (Scheme 1). In the cone conformer 4, the carbonyl oxygen atom of the amide substituent is hydrogen bonded to the adjacent indole NH atom and thus provides some conformational stability. However, in all cases the flattened partial cone conformer 3 was the major product and the cone conformer 4 was the minor one. 
Scheme 1
In order to stabilize and maximize the cone conformation, the macrocyclic system could possibly be capped either at the top or the bottom rim. For example, the upper rim of calixarenes has been capped by the use of polymethylene bridges [6] [7] [8] [9] while methylene, polymethylene, silyl and diazanaphthalene bridges have also been used for calixresorcinarenes. [10] [11] These caps have usually been introduced after calixarene formation. In the case of calixindoles the cap must be generated from a tethered indole precursor, making use of the C3 indole substituents or substituents on the linking methine carbon atoms. In connection with the first approach, the tris-indole methanol 7 was previously prepared for this purpose from the tris-indole 5, via the tris-indole aldehyde 6. 12 However, reaction of tris-indole 5
with p-chlorobenzaldehyde and phosphoryl chloride in chloroform or with formaldehyde in acetic acid gave only polymeric material. Furthermore, acid treatment of the tris-indole methanol 7 also failed to give the desired calix [3] indole. This failure presumably is caused by the nonideal length of the tether. Consideration of more flexible and variable tethers led to the investigation of the use of tris (2-aminoethyl)amine as a linker. This paper describes two preliminary approaches, both aimed at employing a substituent on the linking carbon atom. 
_________

Results and Discussion
It has been shown previously that 3-aryl-4,6-dimethoxyindoles, such as 3-(4-chlorophenyl)-4,6-dimethoxyindole 8, could react with oxalyl chloride to give 7-and 2-glyoxylic acid chlorides, such as compounds 9 and 10 respectively. The acid chlorides then react with various amines to produce the related glyoxylamides. 12 A similar reaction using a one-third equivalent of tris (2-aminoethyl)amine with glyoxylic acid chloride 9 afforded the tris-indolylglyoxylamide 11 in 67% yield (Scheme 2). The 1 H NMR spectrum clearly showed the presence of two broad peaks at 2.79 and 3.51 ppm for methylene protons and a triplet at 8.31 ppm for the amide protons indicating that the tris (2-aminoethyl)amine has been linked to the indole-glyoxylic function and with one set of signals also reflecting the three-fold axis of symmetry. The tris indolyl compound 11 was then reduced with sodium borohydride in methanol and yielded a single diastereomer of the desired alcohol 13 as a white solid (Scheme 2). The mass spectrum of this compound revealed a molecular ion at m/z 1177 ( 35 Cl, 100%), whereas the 13 C NMR spectrum clearly showed the presence of a methine carbon resonating at 66.8 ppm. The 1 H NMR spectrum in d 6 -DMSO displayed two doublets at 5.52 and 5.93 ppm with a coupling constant of 4.1 Hz corresponding to the methine and hydroxyl protons respectively and it was also observed that the nitrogen proton resonance was shifted downfield to 10.54 ppm. Attempts to join the three indoles were made by treatment of the tris-hydroxyethanamide 13 with concentrated hydrochloric acid. However, the 1 H NMR spectrum of the crude product showed no evidence of a macrocyclic compound, and the broadened signals indicated a polymeric material. It has been shown previously that the 2-substituted hydroxyethanamides gave higher yields of calix [3] indoles than the 7-substituted isomers. 5 Treatment of the 2-glyoxylic acid chloride 10 with a one-third equivalent of tris (2-aminoethyl)amine in dichloromethane at room temperature for 1 hour gave the tris indol-2'-yl glyoxylamide 12 in 45% yield (Scheme 2). The mass spectrum clearly showed the molecular ion at m/z 1171 ( 35 Cl, 2%) and the 1 H NMR spectrum exhibited the same pattern as glyoxylamide 11 with the proton nitrogen shifted downfield at 11.21 ppm indicating a greater degree of hydrogen bonding. The glyoxylamide 12 also readily underwent reduction with excess sodium borohydride in methanol to give a single diastereomer of the related alcohol 14 in 89% yield (Scheme 2). Unfortunately, acid treatment of alcohol 14 with hydrochloric acid in tetrahydrofuran also failed to give the calix [3] indole, and again gave polymer.
Numerous acid catalysts have been shown to be effective for calixindole formation. 2 However these other conditions also led to polymeric products. It is highly likely that the problem of calixindole formation lies with the geometry of the tether rather than the acid catalyst. Thus an alternative approach to tether formation was explored. Most calix [3] indoles so far prepared have an aryl substituent directly attached to the carbon centre of the bridge linking the C2 and C7 positions. This provides a limited scope for substitution and subsequent linkage of the substituent functions on the three aryl groups. A potentially more useful substituent on the C2 -C7 methine link could be an aryl acetyl moiety, which could possibly be linked through the carbonyl groups. Therefore, it was of interest to synthesise some aryl acetyl indoles as potential precursors of calix [3] indoles.
Friedel-Crafts acylation with nitriles in the presence of acid (hydrochloric acid and /or a Lewis acid) is well known as the Houben-Hoesch reaction. The first step is thought to involve protonation of a nitrile compound to give a nitrilium ion or nitrile-Lewis acid complex, which is regarded as the electrophilic species.
When the indole 8 was treated with benzyl cyanides 15a-c under Houben-Hoesch conditions a modest yield of the corresponding benzylketones 16a-c resulted (Scheme 3). Although the reaction is easy to perform, it takes three days for completion, as the reaction mixture needs to be saturated twice with hydrogen chloride gas, then acidified with 2% aqueous hydrochloric acid, and finally heated under reflux for 3 hours. Moreover, in these examples, it was always observed that the crude solid product was poorly soluble in most organic solvents and difficult to characterize.
Clear evidence for benzylketones 16a-c was given by the mass spectra showing molecular ions at m/z 407 (M+1, 35 Cl, 100%), 422 (M, Treatment of the alcohols 17a-c with hydrochloric acid in tetrahydrofuran gave only complex product mixtures. A variety of alternative acid catalysed reactions so far have shown no better outcomes, and no calixindoles have been isolated. The reason for the lack of calixindole formation is not clear, but a possible competing dehydration process could be responsible. However, the possible stilbene products were not detected nor isolated from the complex reaction mixtures.
The reactions described here, although failing to yield new examples of calixindoles, do however help to define the scope and limitations of calixindole formation.
Experimental Section
General Procedures. Melting points were determined on a Mel-Temp melting point apparatus and are uncorrected. Elemental analyses were performed by the Campbell Microanalytical Laboratory, University of Otago, New Zealand. Infrared spectra were obtained on a Mattson Genesis series FTIR spectrometer. Ultraviolet spectra were measured on Carey 100 spectrophotometers.
1 H NMR spectra were recorded at 300 MHz with a Bruker AC300F or at 500MHz with a Bruker AM500 spectrometer and refer to deuterochloroform solutions with chloroform (7.26 ppm) as an internal standard or to dimethyl-d 6 -sulfoxide solution with dimethylsulfoxide as an internal standard (2.50 ppm). Chemical shifts (δ) are in ppm relative to internal tetramethylsilane.
13
C NMR spectra were recorded in the designated solvents on a Bruker AC300F (75.50 MHz) and chemical shifts are reported in ppm downfield from TMS and identifiable carbons are given. The EI mass spectra were measured using a VG Quattro mass spectrometer at 70eV ionization voltage and 200 o C ion source temperature. The principle ion peaks m/z are reported together with their percentage intensities relative to the base peak. Dry chromatography was carried out using Merck 60H silica gel and refers to the technique of applying suction at the base of the column. Column chromatography was performed using Merck 60 Silica Gel whilst preparative thin layer chromatography was performed on 20x20x0.1 cm plates using Merck silica gel 7730 60GF 254 . Compounds were detected by short and long wavelength ultraviolet light.
Tris-2-(3-(4-chlorophenyl)-4,6-dimethoxyindol-7-glyoxylamidoethyl)amine (11).
Indole 9 (0.50 g, 1.32 mmol) was dissolved in anhydrous dichloromethane (25 mL) and tris-(2-aminoethyl)amine (0.075 mL, 0.50 mmol) was added. The mixture was stirred at room temperature for 1 h, water was added and the organic layer was separated, washed with water, dried and concentrated. Cl, 100%).
Tris-2-((3-(4-chlorophenyl)-4,6-dimethoxyindol-7-yl)-2-hydroxyethanamido-ethyl)amine (13).
Indole 11 (0.20 g, 0.17 mmol) was dissolved in methanol (20 mL) to which excess sodium borohydride was added, and the mixture was heated under reflux for 1 h. Water was added and the resulting precipitate was filtered, washed with water and dried to yield the title compound 13 (0.16 g, 83%) as a white solid, mp 204 o C (dec 
Tris-2-(3-(4-chlorophenyl)-4,6-dimethoxyindol-2-glyoxylamidoethyl)amine (12
1-[3-(4-Chlorophenyl)-4,6-dimethoxyindole-7-yl]-2-phenylethanone (16a).
The mixture of indole 8 (0.50 g, 1.74 mmol) and benzyl cyanide 15a (0.55 mL, 4.76 mmol) in tetrahydrofuran (10 mL) was saturated with HCl gas for 1 h and stored in the fridge overnight. Flushing with HCl gas and keeping in the fridge was repeated on the next day. Then the solvent was evaporated off, the residue acidified with 2% aqueous HCl (40 mL) and the resulting mixture refluxed for 3 h. After cooling, diethylether was added and the precipitate was filtered off. The filtrate was washed with water until neutral, dried and concentrated. 1-[3-(4-Chlorophenyl)-4,6-dimethoxyindole-7-yl]-2-[4-methoxyphenyl]ethanol (17c) . This was prepared as described for hydroxy indole 13 from indole 16c (50 mg, 0.11 mmol) to give the title compound 17c (43 mg, 86%) 
